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THE NIPPLE TEST
STUDIES IN THE LOCAL AND SYSTEMIC EFFECTS ON TOPICAL
APPLICATION OF VARIOUS SEX-HORMONES
W. JADASSOHN, M.D., E. UEHLINGER, M.D., AND A. MARGOT'
(Submitted September 21, 1937)
[Translated by Rudolf L. Baer, M.D. (New York City)J
Enlargement of the nipple in guinea-pigs after injections of
preparations containing female sex-hormone has been observed
for some time and has been repeatedly reported in more recent
communications. For several reasons it seemed desirable to
work out a test or a method by which one could measure and chart
the enlargement of the nipple.
It appeared a priori correct to use as many different test organs
as possible, because experience with previous tests has shown
that the results obtained on different organs are not necessarily
comparable (compare, for example, the results with the seminal-
vesicle test in rats and the cock's-comb tests).
Thus far the testing of female sex hormones has been carried
out on the genital organs of female experimental animals (espe-
cially the Ailen-Doisy test). It was of particular interest to use a
test comparable with the cock's comb test in which an extra-
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We have already published experiments with the nipple test (1), (2). Only
parts of these experiments are briefly summarized in this paper, which deals
mainly with new, as yet unreported experimental results Qbtained with this test.
This paper is our third report on experiments dealing with this subject.
We wish to express our thanks to the Gesellschaft f. Chem. Industrie, Basel,
and to Messrs. Hoffmann-La Roche for providing some of the preparations; and
to Mrs. Bruno Bloch for financing part of these experiments.
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genital organ is employed. Just as it is reasonable to expect to
find out primarily about the effects of the "male" sex hormones
in the cock's comb test, so one can expect to find proof mainly
of the effects of female sex hormones in the nipple test.
Apart from the viewpoint of testing hormones, the perfection of a
nipple test in the guinea-pig appeared to be of particular interest
for the dermatologist because here one is dealing with a func-
tional test of a skin organ. An advantage of this test is its use
of the skin organof a mammal in contradistinction to the cock's
comb test which makes use of an avian organ (3). A further
advantage of the nipple test, which it shares with the comb test,
is the possibifity of testing the substances to be examined in a
very simple manner and by local application.
We have succeeded in determining the length of the nipple in the living guinea-
pig fairly accurately, and to plot curves, which demonstrate the enlargement of
the nipple (increase in length of the nipple: plotted on the ordinate; duration of
the experiment: on the abscissa). For details about the technic we refer to our
first communication (1).
At this point we need mention only that our method is based on the production
of silhouettes on photographic paper and that the shadows thus obtained are
then measured by means of a measuring lens under the low-power lens of a micro-
scope. This method has not only all the advantages outlined above, but is also
very simple. Those who have had some experience with the test can measure
about 32 nipples in an hour.2 It is also advantageous that the procedure is very
inexpensive, since the animals can be used for other experiments after completion
of the test.
We now use male animals exclusively for these experiments (see our first paper
for results in castrated male animals and for a few experiments in female animals).
We also refer to our first paper for experimental results with subcutaneous injec-
tion of various doses of Oestroglandol solutions (the estrone-containing purchase-
able preparation of Hoffmann-La Roche). But we want here to point out once
again that one can get a considerable nipple enlargement after daily subcutaneous
injections of 10 mouse units (corresponding to 17 Estrone). This enlargement
was noticeable as early as the end of the first or the beginning of the second veek
of the experiment.
In the following paragraphs we shall deal more in detail with
our earlier experiments with the local application of female sex
2 We work with an improvised apparatus (see our first paper). Through minor
improvements, such as stronger source of illumination and the employment of
lenses, additional time could be saved.
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hormones to the nipple. B. Zondek (4) has proven that estrone
penetrates through the skin and that the hormone which has
reached the organism through percutaneous application effects
a nipple enlargement by way of the blood stream. Furthermore,
Zondek had the impression that at least in the beginning of the
experiment the nipple into which the Oestroglandol ointment has
been massaged grows faster than the one which receives no local
application of hormone. That this impression is correct has
been proven beyond doubt with the quantitative nipple enlarge-
ment test above described. Apart from the hematogenous effect
of percutaneously absorbed estrone, there is also a local effect
at the site of application. This local effect can be demonstrated
particularly clearly if, instead of rubbing in relatively highly
concentrated ointments (1000 international units estrone per 1
gram), one just drops on relatively weak solutions. If one drops
on a solution of 50 i.u. (corresponding to 5y Estrone) per 1 cc.
(one drop daily), one gets marked eilargement of the nipple on
which the solution has been dropped (the enlargement is just as
great as that of a nipple treated with the ointment (1000 i.u. per
1 gram)), while the other nipple on which an inactive control
solution has been dropped shows almost no enlargement.
Following Zondek's report, local therapy with estrone prepara-
tions is being carried out in a great number of different dermatoses
and other conditions at the present time. The results of this
therapy have been enthusiastically praised by some authors,
particularly so in acne vulgaris and pruritus vulvae. It is
certain, however, that it is not yet permissible to express a definite
opinion regarding the practical efficacy of this form of therapy.
Theoretically, it seems to us, there is a basis for such a therapy
since estrone percutaneously applied has been proven to be
effective at the site of application (local effect). From this
viewpoint further practical therapeutic experiments in this
direction would appear to be justified.
We believe that one can conclude from our experiments in
guinea-pigs that such therapeutic experiments ought to be carried
out with estrone preparations in much weaker concentrations
than those used heretofore. In local estrone therapy the hemato-
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genous effect may be undesirable (we observed painful breasts in
one of our patients; see otir first paper (1)). Moreover it is
desirable to adhere to the principle that one should try to get
along with the smallest doses possible when using substances
which are certainly not indifferent and whose properties have
not as yet been fully determined. When performing further
studies on this new therapeutic approach one will surely have to
keep in mind the at present established fact that if one uses a solu-
tion instead of an ointment, and 50 i.u. instead of 1000 i.u. the local
effect on the guinea-pig's nipple remains the same. For this
reason it seems that one should employ such solutions of low
concentration until it has been proven that ointments containing
higher concentrations of estrone are more effective in the local
therapy of human diseases.
Further experiments with the quantitative nipple test are
necessary in various directions and have been inaugurated. We
have described our experiments with Prolan (anterior pituitary-
like hormone) in our first paper; in another communication we
shall report on experiments with urine principles.
The following part of this paper is a report of our experiments
with "male" sex hormones. As stated before, we refer to our
first paper for experimental methods, including the technic of
measuring. As regards the application of solutions, we wish to
stress only the following points: watery solutions were dropped
on once daily and allowed to dry on; only one nipple of the guinea-
pig was treated in this manner. The other nipple was corre-
spondingly treated with a control solution. Oily solutions were
massaged in for one minute (just as was done with the ointments
as reported in our first paper (1)).
It may here be permitted to add another remark regarding the
modus of taking protocols. The height of the nipple in every
animal was determined once or twice weekly and in the manner
described above, and a nipple-enlargement curve was drawn. It
would take up too much space to reproduce all these curves in this
Messrs. Hoffman-La Roche were kind enough to prepare these solutions for
us, employing an adjuvant which increases solubility but which in itself was
demonstrated to have no effect upon the guinea-pig's nipple.
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communication. For our purposes here we think it sufficient
to mention oniy the increase in size observed on the 20th day of
the experiment (nebo). (N. B. In future in this article ne2° will
stand for nipple enlargement on the 20th day.) Our records show
that this figure represents a sufficiently accurate index of growth.
The absolute figures are purely arbitrary (depending on the tech-
nic of measuring) but the relative figvres demonstrating the increase
in height are significant since all measurements were taken under
identical conditions. An increase below 1.0 is not yet certain
to be beyond the coefficient of error. The normal nipple having
a height of 2.0—3.0, an increase of 2.0—3.0 presents a doubling of
the original height of the nipple. If, for instance, we state in
A B
FIG. 1. TWENTY-SECOND DAY AFTER BEGINNING OF THE EXPERIMENT
A. Nipple on which control solution has been dropped.
B. Nipple on which equilenin has been dropped.
the protocols ne2° 6.0/3.0 we mean that on the 20th day the
treated nipple has increased its height 6.0, the untreated one 3.0;
i.e., the treated nipple is about three times as large as at the be-
ginning of the test,while the untreated one is only twice as large.
Experiments with testosterone pro pionate
a. Local Application.
1. "aqueous" solution:
Treated nipple/untreated nipple
1O' per 1 cc ne'° 2.4/0.5
lOy pcI 1 cc ne'° 3.2/0.9
2Oy per 1 cc ne'° 2.0/0.0
'lOy per 1 cc ne'° 2.9/0.6
62.Sy per 1 cc ne2° 2.7/0.0
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2. oily solution:
Treated nipple/untreated nipple
l'y per 1 cc ne'° 0.0/0.0
lOy per 1 cc ne'° 1.0/0.5
S000y per 1 cc ne'° 1.0/0.5
S000y per 1 cc ne'° 0.5/0.5
b. Subcutaneous injection of 1 cc. of the "aqueous" solution daily.
Left nipple Right nipple
2Oy per 1 cc ne'° 0.6 0.6
4Oy per 1 cc ne'° 1.0 1.0
62.Sy per 1 cc ne'° 0.5 0.0
25Oy per icc ne200.0 0.0
Experiments with androsterone
a. Local application.
1. "aqueous" solution:
Treated nipple/untreated nipple
by per 1 cc ne'° 2.9/1.8
2Oy per 1 cc ne'° 2.0/0.8
bOy per 1 cc ne'° 3.0/0.9
62..5y per 1 cc ne'° 2.5/0.9
25Oy per 1 cc ne'° 2.0/0.0
2. oily solution:
lOy per 1 cc ne'° 0.0/0.0
l2Oy per 1 cc ne2° 0.5/0.5
5000y per 1 cc ne'° 1.0/1.0
b. Subcutaneous injection of 1 cc. of the "aqueous" solution daily.
Left nipple Right nipple
lO.y per icc ne'° 1.0 1.0
62.5y per 1 cc ne'° 0.5 0.0
25Oy per 1 cc ne'° 0.5 0.0
From these figures it would appear that no difference exists
between the results of the experiments with testosterone pro-
pionate and those with androsterone. This permits a joint
discussion of the results of the experiments with these 2 "male"
sex hormones.
(Here it should be mentioned that local application of androstin
A and B (complete extract from the male sex-gland) gave a nega-
tive result in the nipple test.
Androstin A ne'° 0.5/0.0—0 .0/1.0
Androstin B ne' 0.5/0.0—0.5 0.5)
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DISCUSSION
Local application of the watery solution results in a definite
enlargement of the treated nipple. However, the effect is much
weaker than that achieved with the various "female" sex hor-
mones tested by us (see below). Nevertheless the effect was
present in all animals and was far in excess of the coefficient of
error. When using an oily solution of testosterone propionate and
androsterone this local effect could not be demonstrated. The
subcutaneous injection of "aqueous" solutions did not result in an
enlargement of the nipple. Thus, no hematogenous effect of the
subcutaneously injected "male" sex hormones could be demon-
strated. A hematogenous effect of percutaneously applied sex
hormone could not be demonstrated, i.e., when this hormone was
locally applied to one nipple there was no significant enlargement
of the other nipple. However, some of the curves obtained in-
dicate that there may possibly have been some slight effect upon
the untreated control nipple (although we would not like to
make a definite decision on this particular point).
We are not yet prepared to explain these rather unexpected
results. The inefficacy of testosterone propionate and andro-
sterone when dropped on in oily solution makes analogous experi-
ments with "female" sex hormones seem necessary. A solution
of 5',' estrone in 1 cc. of oil resulted in ne2° 4.5/2.0, that is, a rather
strong effect. We are unable to state whether this effect is
just as strong as that which would have been obtained if "aque-
ous" solutions of the same concentration had been employed.
However, it is certain that a local effect with testosterone pro-
pionate and androsterone even in very large doses cannot be
elicited when these hormones are applied in oily solution, while
small doses of estrone in oily solution have not only a marked
local effect but also a hematogenous effect after percutaneous re-
sorption.
It seemed to us that it would be interesting to examine also
4—5 androstenedione and androstanedione, because these sub-
stances are also "male" sex hormones. With these preparations
the following results were obtained: androstenedione ne2° 2.6/0.8
and 2.0/1.3 androstanedione ne2° 2.8/0.5 and 2.3/0.3. This
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shows that their local effect is not significantly different from
that of testosterone propionate and androsterone. A study of
androstenedione and androstanedione in oily solution and after
subcutaneous injection has not yet been carried out.
The finding that the "male" sex hormones have a definite
effect in enlarging the nipples of the guinea-pig, an effect which
one would expect from a "female" sex hormone only, is in agree-
ment with other reports. Especially, we should like to mention
Korenchevsky (5), who succeeded in producing hypertrophy of
the mammary glands and nipples of female rats through subcu-
taneous injection of very large doses of testosterone propionate.
If the subcutaneous injection of "male" sex hormones does not
bring out the "female effect" this might be due to a particular
mechanism preventing this effect. However, our experiments
have not yet gone far enough to allow us to express an opinion
in this direction. The questions which have been brought up
through such experiments appear to us to be of great theoretical
significance and possibly also of clinical importance, so that
further investigation appears justified. We hope that at some
future time we shall be able to deal with these problems.
The experiments, which we shall briefly report here, are still
far from being concluded. Yet it seems justified at least to record
them, because in part they appear to be quite elucidating. We
first present the figures for the nipple enlargement obtained with
various substances on the 20th day as tested on one or several
animals. All substances were dropped on in "aqueous" solutions,
627 per 1 cc. For comparison we have charted the experiments
with testosterone propionate and androsterone in so far as they
were carried out with 627 per 1 cc., as well as the experiments with
androstenedione and androstanedione.
1. Estrone 6.2/4.6 5.7/4.2 6.5/2.2
2. Equilin 6.5/4.5 6.5/6.2
3. Equilenin 6.6/0.0 7.5/0.8
4. Testosterone propionate 3.3/0.0
5. Androsterone 2.5/1.0
6. Androstenedione 2.6/0.8 2.0/1.3
7. Androstanedione 2.8/0.5 2.3/0.2
8. Andrenosterone 2.8/1.9 4.4/2.0
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9. Corticosterone 5.2/1.5 4.2/0.0
10. Cholesterol 0.8/1.3
11. Ergosterol 0.7/0.0
12. Methyicholanthrene 0.3/0.3
13. Anol 4.6/2.3 3.7/2.0
Concerning these results we wish to remark only the following:
1. As previously mentioned, the 3 "female" sex hormones
(1, 2, 3) proved to have a much stronger effect than the male
hormones (4, 5, 6, 7).
2. While after local application equilin (2) shows a very strong
and estrone (1) a very distinct hematogenous effect (enlargement
of the untreated nipple) this hematogenous effect is completely
lacking in the case of equilenin (3). Further investigation will
have to determine whether one is dealing here merely with a very
marked quantitative difference or whether a difference in principle
exists. These substances differ from one another only in the
number of double bonds.
3. Reichstein's (6) experiments have proven that adreno-
sterone and corticosterone both are to be found in the adrenal
cortex. Their very strong effect upon the nipples (8 and 9)
(they have not been tested yet by injection) appears to us to be
of fundamental interest.
Reichstein's finding that such substances are present in the
adrenal cortex suggests that the adrenal cortex is an extragenital site
of production of sex hormone. Zondek had already assumed that
a site for the extragenital production of sex hormones must exist.
The picture of precocious puberty, which is found in cases with tumors
of the adrenal cortex, supports the assumption that the adrenal cortex
functions in the production of sex hormones.
On the other hand, we believe that our present demonstration
that adrenosterone and corticosterone show a very marked effect
in the nipple test, is of the utmost interest for the pathogenesis
of precocious puberty in adrenal tumors. Of course it would be
desirable that also the other substances with a sterol structure
We express our thanks to Prof. Reichstein for supplying us with adrenosterone
and corticosterone.
CIT3(\o
HO-W
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TABLE I
Structural formulas of substances employed
CH3 CU3
Estrone Equilin
CH8
OOC.CH2CH8
CHa! I
Testosterone propionate
CH3
Androstenedione
CH3
Androstanedione
HO CH3
CH
CO.
CorticosteroneAdrenosterone
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TABLE I—Concluded
CH
('f—1C9H17
on,I I I
HO4\)
Ergosterol
HO>AflCH8
Methyleholanthrene
which Reichstein found in the adrenal cortex be investigated by
means of the nipple test.
4. Cholesterol, ergosterol and methylcholanthrene (10, 11,
12) have not shown a distinct effect in the nipple test. However,
after the 30th day of the experiment a slight degree of nipple
enlargement was seen. We do not wish to lay too much stress
on these experiments, because the solutions were not prepared
by the same method as were those of the other substances. A
larger amount of adjuvant was necessary to effect the solution,
and in spite of this the "solutions" were not completely clear.
We heated these solutions up to 80°C before using them, and still
did not achieve a complete solution.
5. Anol, according to investigations by Dodds and Lawson (7)
has the same effect as estrone (Allen-Doisy Test). This sub-
stance was found to be effective also in the nipple test (13).
After dropping on an aqueous solution we observed a local as
well as a hematogenous effect, though this was not as marked as
OH, CII,
Cholesterol
42 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
when a corresponding quantity of estrone was used. This find-
ing must be particularly stressed because K. Miescher (Discus-
sion at the Medical-Biological Section of the Swiss Society for
Natural Science, 1937) was unable to confirm Dodds' and Law-
son's results.5
Though we are here reporting on experiments which are far
from being concluded, we believe that our findings have shown
that the nipple test proves a useful method in clarifying questions
concerning the effect of sex hormones.
SUMMARY
1. Testosterone propionate, androsterone, androstenedione
(-4-5) and androstanedione when applied in an aqueous solution
to the nipples of male guinea-pigs caused an enlargement of the
treated nipple. Oily solutions of testosterone propionate and
androsterone applied in the same manner were without effect.
2. Estrone, equilin and equilenin, when dropped on in an "aque-
ous" solution caused a decidedly greater enlargement of the
treated nipple than did the "male" sex hormones.
3. A hematogenous effect of percutaneously absorbed sex
hormone (as determined by the enlargement of the not previously
treated nipple) was found to be present only after application of
estrone and equilin. This effect was absent after application of
equilenin and the results were questionable after the use of the
"male" sex hormones.
4. The substances adrenosterone and corticosterone which
Reichstein found in the adrenal cortex proved to be effective in the
nipple test (thus far these substances have been tested only by
local application).
5. Anol is a substance which is not a sterol, but which, accord-
ing to Dodds and Lawson acts in a manner similar to estrone.
This substance [perhaps due to a contaminant(5)], also proved
(Editorial note: According to a recent report of Dodds and Lawson, the
oestrogenic activity of anol is probably not due to the substance itself, but to a
contaminant, probably a polymer. (Dodds, E. C., and Lawson, W.: Oestrogenic
Activity of p-Hydroxy Propenyl Benzene (Anol), Nature, 139: 1068 (June 19)
1937.) It is therefore quite possible that the local effect observed by Jadassohn
and collaborators may also be due to this contaminant.)
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active in the nipple test, although to a somewhat lesser degree
than estrone.
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